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ValorizationAbstract In this paper, a study of simultaneous adsorption of mixture dyes of Basic Blue 41 and
Basic Yellow 28 in binary system was done using two types of activated carbon and compared with
a single dye system in a batch mode. A competitive adsorption between the two cationic dyes was
observed and it was noticed that Basic Blue 41 was favored. Kinetics of each dye in single and
binary systems was found to follow pseudo-second-order rate kinetic model, with a good correla-
tion (higher than 0.99). The single component equilibrium data were analyzed using the Langmuir
and Freundlich isotherms. Overall, the Langmuir isotherm showed a better ﬁtting for all adsorp-
tions under investigation in terms of correlation coefﬁcient. As the binary adsorption is competitive,
extended Langmuir models could not predict the binary component isotherm well. The essential
parameters which affect the removal efﬁciency of binary mixture solution such as pH, temperature
and adsorbent type were optimized using full factorial design methodology. Effect of parameters
and interaction were analyzed using Pareto chart, main effect and interaction effect. In various
industrial efﬂuents like textile industries and plant-produced water, dyes are existent in mixture
form. So, this work might be of great beneﬁt in knowing to remove the used dyes.
 2016 University of Bahrain. Publishing services by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
When analyzing the wastewater which is produced from Indus-
trial textile, it was observed that many dyes coexist simultane-
ously. The removal of these dyes from water can be achieved
via several techniques such as bio-treatment (El-Sheekh
et al., 2009; Khataee et al., 2012a–c, 2011a,b), adsorption
(Eren et al., 2010; Dogan et al., 2007; Karaca et al., 2013),
ﬂocculation-coagulation (Canizares et al., 2006), photo cat-alytic degradation (Rezaee et al., 2012; Khataee et al.,
2012a–c, 2011a,b), chemical oxidation (Khataee et al., 2011a,
b; Sun et al., 2012) etc.
The adsorption technique has proven to be an effective and
attractive process for the treatment of these dye-bearing
wastewaters (Crini et al., 2006). Earlier, the production of acti-
vated carbon using various agricultural residues like, coconut
shell, groundnut shell, cassava peel, corn cob, olive stones
and walnut shells, palm kernel shell, coir pith, pecan shell, fruit
stones and nutshells, rubber seed coats has been attempted
(Singh and Arora, 2011; Ioannidou and Zabaniotou, 2007;
Amuda et al., 2007; Malik et al., 2007; Sudaryanto et al.,al of the
Table 1 Factors and levels used in factorial design study.
Parameter name study Abbreviation Low (1) High (+1)
pH pH 2 12
Temperature (K) T 298 328
Type of adsorbent TA C-ZMN C-PAN
(a) Chemical structures of Basic Blue 41:
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Figure 1 Chemical structures of Basic Blue 41 and BY28.
2 A. Regti et al.2006; Cao et al., 2006; Martinez et al., 2006; Jumasiah et al.,
2005; Bansode et al., 2004) because of their high surface area,
microporous character and the chemical nature of their surface.
Recently, for ongoing program research we have used some
materials of animal origin to remove dyes from aqueous media
(El Haddad et al., 2014; Slimani et al., 2014, 2011).
Much of the work on the adsorption of dyes by various
kinds of adsorbents has been focused on the uptake of single
dyes. Since industrial efﬂuents may contain several dyes, it is
necessary to study the simultaneous sorption of two or more
dyes and to quantify the interference of one dye with the sorp-
tion of the other. Thus, the studies on the equilibrium and
kinetics of dyes adsorption from multi-component systems
are very important. In this fact, factorial design is employed
to reduce the total number of experiments in order to achieve
the best overall optimization of the system.
Factorial design experiments allow the simultaneous study
of the effects that several factors may have on the optimization
of a particular process. On the other hand, factorial design
allows measuring the interaction between different group of
factors. The high and low levels deﬁned for the 23 factorial
designs are listed in Table 1.
The aim of the present paper is to achieve the followings
studies such, the feasibility of using Persea Americana Nuts
Carbon (C-PAN) and Ziziphus Mauritiana Nuts Carbon (C-
ZMN) as adsorbents for the individual and simultaneous
removal of BB41 and BY28 dyes from aqueous solutions,
kinetics for the two dyes in single and binary solutions,
Equilibrium isotherms for the single adsorption of dyes were
analyzed using the Langmuir and Freundlich models, in binary
mixture solution the data were analyzed using the extended
Langmuir model and ﬁnally to examine in binary solution,
the effects and the interactions by optimization of various
parameters such as pH, temperature and type of adsorbent.
2. Materials and methods
2.1. Materials
The Persea americana and Ziziphus mauritiana nuts were used
to prepare the activated carbon of C-PAN and C-ZMN succes-
sively. The mentioned Nuts were washed with distilled water
and dried in a drier at ambient temperature for several days.
These later were dubbed the names PAN and ZMN. The car-
bonization of PAN and ZMN was carried out using an appro-
priate weight and 25 mL concentrated phosphoric acid with a
mass ratio (1:4) The activation was completed by heating at
temperature 500 C for 1 h producing a black carbonaceous
residue. The activated carbon was repeatedly washed with
hot distilled water until the pH of the washing solution reached
6–6.5. The product was dried at 105 C for 2 h and kept in
tightly closed plastic container.Please cite this article in press as: Regti, A. et al., Competitive adsorption and optimiz
Association of Arab Universities for Basic and Applied Sciences (2016), http://dx.dBasic Blue 41 and Basic Yellow 28 were used as received
without any puriﬁcation; their colors are stable within the
pH range of the study. The chemical structures of BB41 and
BY28 are given in Fig. 1. A stock solution of 100 mg/L was
prepared by dissolving the required amount of each dye in dis-
tilled water. The characterization of adsorbents achieved by
FT-IR spectroscopy and Scanning Electronic Microscopy
(SEM) images were obtained with HITACHI-S4100 equip-
ment operated at 20 kV. Adsorption–desorption isotherms of
nitrogen at 196 C were measure with an automatic adsorp-
tion instrument (NOVA-1000 Gas Sorption analyzer) in order
to determine surface areas and total pore volumes.
2.2. Adsorption experiments
Dye removal experiments were performed by mixing known
weights of each adsorbent in 50 mL of single dye solution in
ﬂasks at 25 C. The effects of initial dye concentrations (25–
100 mg/L) on adsorption capacity were investigated. The
required combinations of Basic Yellow 28 and Basic Blue 41
were obtained for binary pollutants mixture by diluting
1000 mg/L of the stock solutions and mixing them.
The percentage of the removal efﬁciency of each dye in bin-
ary system was compared with that of their pure state. In this
investigation of mixture dyes removal using C-PAN and C-
ZMN, the percentage removal may depend on pH, tempera-
ture and adsorbent type. The other variables such as the initial
concentration of each dye (25 mg/L), time of agitation which is
suitable for equilibrium at 30 min and adsorbent dosage
(0.2 g/L) were kept constant. At any time, the residual dye con-
centration in the reaction mixture was analyzed by centrifuging
the reaction mixture and then measuring the absorbance by
UV–Visible spectroscopy of the supernatant at the wavelength
that is corresponding to the maximum absorbance of 438 nm
for BY28 and 606 nm for BB41 respectively. The removal
dye percentage (%) can be calculated as follows:
The amount of equilibrium adsorption qe (mg/g) was calcu-
lated using the formula:
qe ¼
C0  Ce
W
V ð1Þ
where Ce (mg/L) is the liquid concentration of dye at equilib-
rium, C0 (mg/L) is the initial concentration of the dye in solu-
tion. V is the volume of the solution (L) and W is the mass of
dye biosorbent (g)ation of binary mixture of textile dyes: A factorial design analysis. Journal of the
oi.org/10.1016/j.jaubas.2016.07.005
Figure 3 SEM image of both adsorbents.
Figure 2 FT-IR spectrum of both adsorbents.
Adsorption and optimization of binary mixture of textile dyes 3Removal  dye:ð%Þ ¼ C0  Ce
C0
x100 ð2Þ
where C0 is the initial dye concentration and Ce (mg/L) is the
concentrations of dye at equilibrium. The results of the
experimental design were analyzed using Minitab 15 statistical
software to evaluate the effects as well as the statistical
parameters.3. Results and discussion
3.1. Characterization of adsorbents
FTIR spectra of the adsorbents with its most abundant func-
tional groups responsible for adsorption is given in Fig. 2, it
can be observed that surface of two adsorbents are practically
similar hydroxyl group at 3415 and 3442 cm1 (Liang et al.,
2011), unsymmetrical aliphatic C–H stretching at 2016 and
2015 cm1 and C=C stretching of aromatic rings at 1563
and 1570 cm1. Band at 1125 in C-ZMN surface is ascribed
to C–O stretching in alcohol or ether (He et al., 2002; Pavia
et al., 1987) and the band in 876 cm1 C-PAN surface is attrib-
uted to symmetrical vibration in a chain of P-O-P and to P-C
phosphorus-containing compound (Liu et al., 2012; Wang
et al., 2011).
The surface morphology of the C-PAN and C-ZMN
adsorbents is shown in Fig. 3. The SEM of C-PAN and
C-ZMN indicates that the surfaces are relatively smooth and
contain many pores, which can be taken as a sign for effective
adsorption of dye molecules.Please cite this article in press as: Regti, A. et al., Competitive adsorption and optimiz
Association of Arab Universities for Basic and Applied Sciences (2016), http://dx.doThe BET surface area and the total pore volumes of the
obtained Persea Americana activated carbon(C-PAN) and
Ziziphus Mauritiana nuts carbon (C-ZMN) were found to be
(1593 m2/g, 1.053 cm3/g) and (480 m2/g, 0.73 cm3/g)
respectively.
3.2. Competitive adsorption and kinetics
Whenever there is an adsorption from a mixture of substances,
a competition occurs between the various adsorptive for the
interface. The presence of other solutes in the mixture
adversely affects the adsorption of the ﬁrst, leading to a much
more rapid breakthrough of this material. BB41 and BY28
adsorption in single and binary adsorption systems onto
C-PAN and C-ZMN were studied and are illustrated in
Fig. 4. Equilibrium is reached at about 30 min of adsorption.
In binary system, BB41 was adsorbed well in surface of adsor-
bent in comparison with BY28. Adsorption efﬁciency of BB41
increases when going from pure BB41 solution to a mixture
solution and vice versa when it comes to BY28 as it is seen that
BY28 removal percentage decreases in binary system in com-
parison with single system. This result can be explained by
the fact that BB41 attraction to the interfaces is stronger than
that of BY28 and that the presence of both dyes in solution
enhance a competitive adsorption in the system. Also, it wasation of binary mixture of textile dyes: A factorial design analysis. Journal of the
i.org/10.1016/j.jaubas.2016.07.005
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Figure 4 Kinetic study of dyes in single and binary system by
C-PAN and C-ZMN. (V= 50 mL, m= 15 mg, C= 25 mg/L and
T= 298 K).
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Figure 5 Adsorption capacity of used adsorbent for BY28 BB41
in single and binary system (t= 45 min, V= 50 mL, m= 15 mg
and at ambient temperature).
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Figure 6 Pseudo-ﬁrst-order plots for different dye solutions
using C-PAN and C-ZMN. (m= 15 mg; V= 50 mL, C= 25 mg/
L and T= 298 K).
4 A. Regti et al.found that C-PAN adsorbs dyes better than C-ZMN; this is
due to the larger surface area of the ﬁrst.
Values of experimental sorption capacity (mg/g) of C-PAN
and C-ZMN for used dyes at different concentrations, in single
and binary systems are shown in Fig. 5. Results revealed that
the sorption capacity of C-PAN and C-ZMN for both dyes
increases with an increase in initial concentration and thePlease cite this article in press as: Regti, A. et al., Competitive adsorption and optimiz
Association of Arab Universities for Basic and Applied Sciences (2016), http://dx.dsimultaneous Presence of the two dyes caused more signiﬁcant
change of uptake in binary BB41-BY28 system indicating a
competitive adsorption onto adsorbent sites.
The pseudo-ﬁrst-order model was proposed by Lagergren
(1898) and used to ﬁt the experimental results obtained herein.
The integrated form of the model is:
logðqe  qtÞ ¼ logðqeÞ 
k1
2:303
t ð3Þ
where, qe is the amount of dye biosorbed at equilibrium
(mg/g), qt is the amount of dye biosorbed at time t (mg/g),
k1 is the ﬁrst-order rate constant (min
1) and t is time (min).
Hence, a linear trace is expected between the two parameters,
log (qe – qt) and t, Fig. 6, provides the adsorption following
ﬁrst kinetics. The values of k1 and qe can be determined from
the slope and intercept.
The adsorption may also be described by pseudo-second-
order kinetic model (Ho and McKay, 1999) is the adsorption
does not follows ﬁrst order kinetics. The linearized form of
the pseudo-second-order model is:
t
qt
¼ 1
k2q2e
þ 1
qe
t ð4Þ
where, k2 is the pseudo-second-order rate constant (g/mg.min),
shown in Fig. 7. The results of kinetics are given in Table 2.
Result shows that second order model is suitable to describe
the adsorption efﬁciency. For BB41 removal, the pseudo sec-
ond order rate constant increases from pure to binary system
which can be taken as prove of the increase of BB41 removal
efﬁciency, but for BY28 removal percentage decreases fromation of binary mixture of textile dyes: A factorial design analysis. Journal of the
oi.org/10.1016/j.jaubas.2016.07.005
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Figure 7 Pseudo-second-order plots for different dye solutions
removal using C-PAN and C-ZMN adsorbents. (m= 15 mg,
C= 25 mg/L, V= 50 mL and T= 298 K).
Table 3 Langmuir and Freundlich isotherm parameters for
single component adsorption of BY28 and BB41 onto C-PAN
and C-ZMN.
Model Parameter C-PAN C-ZMN
BY28 BB41 BY28 BB41
Langmuir qm (mg/g) 333.33 250 200 217.39
KL (L/mg) 0.12 0.25 0.085 0.039
r2 0.987 0.997 0.989 0.99
Freundlich Kf (mg/g) (L/mg) 55.04 69.5 32.73 16.78
n 2.43 2.77 2.57 1.766
r2 0.843 0.917 0.846 0.86
Table 4 Extended Langmuir parameters for simultaneous
sorption of BY28 BB41 by C-PAN C-ZMN.
Model Parameters C-PAN C-ZMN
BY28 BB41 BY28 BB41
Extended
Langmuir
qm (mg/g) 202.95 218.66 133.15 190.83
KL (L/mg) 0.15 0.198 0.07 0.12
r2 0.93 0.947 0.919 0.938
Adsorption and optimization of binary mixture of textile dyes 5pure to binary solution. It can be explained by the decrease of
the pseudo second order rate constant.
3.3. Modeling of adsorption isotherms
Two known isotherm models (Langmuir and Freundlich) have
been applied to describe the experimental data in a single dye
system. The classical non-competitive Langmuir isotherm
model for adsorption of one component is expressed as (Safa
and Bhatti 2011):
qe ¼
KL:qm:Ce
ð1þ :KLCeÞ ð5ÞTable 2 The pseudo-ﬁrst-order and pseudo-second-order kinetic p
BY28 using C-PAN and C-ZMN.
Pseudo-ﬁrst-order
k1 (min
1) qe (cal) (mg/g) qe (exp) (mg/g)
C-PAN
BY28 pure 0.077 32.56 73.95
BB41 pure 0.081 56.43 74.75
BY28 binary 0.073 47 65.89
BB41 binary 0.086 18 75.36
C-ZMN
BY28 pure 0.078 59.14 72.47
BB41 pure 0.043 42.95 76.57
BY28 binary 0.12 75.79 49.51
BB41 binary 0.121 45.97 75.09
Please cite this article in press as: Regti, A. et al., Competitive adsorption and optimiz
Association of Arab Universities for Basic and Applied Sciences (2016), http://dx.dowhere Ce (mg/L) is the equilibrium concentration of dye, qe
(mg/g) is the amount of dye adsorbed par unit mass of adsor-
bent. KL (L/mg) and qm (mg/g) are Langmuir constants related
to rate of adsorption and adsorption capacity, respectively.
The Freundlich isotherm is expressed as (Deniz and
Karaman 2011):
qe ¼ KfC1=ne ð6Þ
where Kf and n are Freundlich isotherm constants. The non-
linear correlation obtained (Table 3) shows that, the experi-
mental data also obeyed Langmuir suggesting monolayer
coverage.
A model for competitive sorption based on the Langmuir
equation was ﬁrst developed by Butler and Ockrent to describe
the sorption equilibrium in multi-component systems. This iso-
therm (extended Langmuir) is applicable when each compo-
nent obeys Langmuir behavior in a single-solute system. It is
widely used to calculate the Langmuir constant (qm), thearameters for BB41 pure, BY28 pure and mixture of BB41 and
Pseudo-second-order
r2 k2  103 (g/mg.min) qe (cal) (mg/g) r2
0.976 4.27 77.51 0.999
0.98 1.84 84.03 0.998
0.976 2.14 71.94 0.994
0.938 8.96 78.74 0.999
0.986 1.55 83.33 0.994
0.978 1.9 76.92 0.981
0.918 1.84 58.82 0.992
0.988 5.04 77.52 0.999
ation of binary mixture of textile dyes: A factorial design analysis. Journal of the
i.org/10.1016/j.jaubas.2016.07.005
Table 5 Design matrix and the results of the 23 full factorial
design.
Run number Coded values of variables % Removal eﬃciency
pH T AT BB41 BY28
1 1 1 1 22.83 13.19
2 1 1 1 80.35 37.29
3 1 1 1 22.90 07.65
4 1 1 1 87.25 53.12
5 1 1 1 91.40 72.47
6 1 1 1 95.40 88.92
7 1 1 1 94.65 73.53
8 1 1 1 96.59 71.15
C-PAN
C-ZMN
328
298
122
TA
pH
71.15
88.9272.47
73.53
53.12
37.2913.19
7.65
Cube Plot (data means) for % BY28
C-PAN
C-ZMN
328
298
122
TA
pH
96.59
95.4091.40
94.65
87.25
80.3522.83
22.90
Cube Plot (data means) for % BB41
T
T
Figure 8 Cube plot for removal of both dyes.
Table 6 Estimated effects and coefﬁcients for adsorption
efﬁciency.
Source Eﬀect Coeﬀ SE Coeﬀ T P
BB41 dye
Constant – 73.92 0.5963 123.98 0.005
pH 31.95 15.98 0.5963 26.79 0.024
T 02.85 01.43 0.5963 02.39 0.252
TA 41.18 20.59 0.5963 34.53 0.018
pH.TA 28.98 14.49 0.5963 24.30 0.026
T.TA 00.63 00.32 0.5963 00.53 0.690
pH.T.TA 02.22 01.11 0.5963 01.86 0.314
BY28 dye
Constant – 52.165 0.3175 164.3 0.004
pH 20.910 10.455 0.3175 32.93 0.019
T 01.605 00.800 0.3175 02.53 0.240
TA 48.705 24.350 0.3175 76.70 0.008
pH.TA 13.875 06.937 0.3175 21.85 0.029
T.TA 06.750 03.375 0.3175 10.63 0.060
pH.T.TA 10.050 05.025 0.3175 15.83 0.040
*Note: the smallest interaction pH.T has been discarded from
selected term to get P and T values.
6 A. Regti et al.
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multi-component systems. This model assumed a homoge-
neous surface with respect to the energy of adsorption, no
interaction between adsorbed species and that all adsorption
sites are equally available to all adsorbed species. This model
can be written as follows (Yang et al., 2011; Oladipo and
Gazi, 2015):
qe;i ¼
qm;iKL;iCe;i
1þPnj¼10KL;iCe;i
ð7Þ
where i is the number of components, Ce,i is the equilibrium
concentration of the component i in the multi-component solu-
tion (mg/L), qe,i is the equilibrium uptake of the component i
(mg/g). The parameters for the simultaneous adsorption of
BB41 and BY28 on C-PAN and C-ZMN are shown in Table 4.
Signiﬁcant differences between calculated and experimental
data were observed, which indicate that extended –Langmuir
equation failed to explain the adsorption of the binary mixture
of BB41and BY28 on the two adsorbents. The failure of the
model suggested that the binary adsorption might be
competitive.
3.4. Statistical analysis of factorial design experiments
The design matrix of coded values for factors and adsorption
efﬁciency of BB41 and BY28 in each factorial experiment in
binary systems are shown in Table 5. The mean of the experi-
mental results for the respective high and low levels is shown in
Fig. 8. Factors that inﬂuence the adsorbed percentage of these
dyes onto the two types of activated carbon were evaluated by
using factorial plots: main effect, interaction effect, Pareto and
normal probability plots.
Main and interaction effect, coefﬁcients of the model, stan-
dard deviation of each coefﬁcient, and probability for the full
23 factorial designs are presented in Table 6. Interaction pH.T
has the smallest effect for both dyes. Thus, it can be discarded.
Whereas All BB41 effects were signiﬁcant with an exception of
T and T.TA, the only effect that was insigniﬁcant was T ination of binary mixture of textile dyes: A factorial design analysis. Journal of the
oi.org/10.1016/j.jaubas.2016.07.005
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Figure 9 Main effect for both adsorption mixture dyes.
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Figure 10 Interaction effects for both mixture dyes.
Adsorption and optimization of binary mixture of textile dyes 7BY28. In addition, the model presented an adjusted square
correlation coefﬁcient R2 (adj) of 99.72% for BB41 and
99.91% for BY28.
The dyes removal efﬁciency could be expressed, after dis-
carding pH.T using the following equations:
% BB41 ¼ 73:92þ 15:98 pHþ 1:43 Tþ 20:59 TA
 14:49 pH:TA 0:32 T:TA 1:11 pH:T:TA ð8Þ
% BY28 ¼ 52:16þ 10:45 pH 0:8 Tþ 24:35 TA
 6:93 pH:TA  3:37 T:TA 5:02 pH:T:TA ð9Þ
This function describes how the experimental variables and
their interactions inﬂuence the dyes adsorption. The coefﬁ-
cients above are given in Table 6.
The main effects which are helpful in visualizing which fac-
tors most affect the response of each parameter represent devi-
ations of the average between high and low levels of each one
of them as shown in Fig. 9. Each level of the factors affects the
response differently. If the slope is close to zero, then the mag-
nitude of the main effect will be small. As the results show, for
both dyes, TA appears to have a greater effect on the response,
as indicated by a steeply slope due to the great surface area of
C-PAN in comparison with C-ZMN, followed by the solution
pH, an increase in the pH from 2 to 10 resulted in a 34%
increase in adsorption efﬁciency due that at higher pH value,Please cite this article in press as: Regti, A. et al., Competitive adsorption and optimiz
Association of Arab Universities for Basic and Applied Sciences (2016), http://dx.dothe surface is negatively charged which increases the electro-
static attraction of the positively charged cationic dye. The
results also indicate that temperature has almost no effect on
adsorption efﬁciency.
The interaction effects of each parameter on the dyes
adsorption are shown in Fig. 10. If the interactions between
the lines are not parallel, the interaction among control factors
is strong and vice versa. This ﬁgure shows a lot of interactions:
pH.T, pH.TA and T.TA.
The important interaction is between pH and type of acti-
vated carbon (pH.TA) and less important is T.TA while pH.
T paralleled lines display the unimportance of the interaction.
These results can also be explained by the values found in
Table 6.
The relative importance of the main effects and their inter-
actions was also observed on the Pareto chart as shown in
Fig. 11. The values that exceed the reference line are consid-
ered signiﬁcant values and those which do not are considered
insigniﬁcant (Mathialagan and Viraraghavan, 2005). Accord-
ing to this ﬁgure, for BB41 only TA, pH and their interaction
are signiﬁcant and as for BY28, the signiﬁcant factors are TA,
pH, TA.pH and pH.T.TA.
A normal probability plot is used. One point on the plot is
assigned to each effect. According to the normal probability
plots, the points which are close to a line ﬁtted to the middle
group of points represent those estimated factors that do not
demonstrate any signiﬁcant affect on the response variables.ation of binary mixture of textile dyes: A factorial design analysis. Journal of the
i.org/10.1016/j.jaubas.2016.07.005
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Figure 11 PARETO chart of individual factors effects of both
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Figure 12 Normal plot of the standardized effects for both dyes
in mixture solution.
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Association of Arab Universities for Basic and Applied Sciences (2016), http://dx.dPoints far away from the line likely represent the authentic fac-
tor effects (Palanikumar and Dawim, 2009). Fig. 12 shows the
normal probability plot of the standardized effects. for BB41,
the main factors (pH and TA) and their interactions (pH*TA)
are very far away from the straight line and are therefore con-
sidered to be signiﬁcant, TA.pH exists on the left of the line
which proves that it has a negative effect whereas TA and
pH exist on the right of the line which means they have a pos-
itive effect. In the same way, for BY28, TA and pH have pos-
itive effects and the interactions TA.pH and pH.T.TA have
negative effects. These results conﬁrm the previous Pareto
chart analysis and the values of Table 6.4. Conclusion
Adsorption was an effective process for decolorization of tex-
tile basic dyes and C-PAN gives strong adsorption efﬁciency of
dyes in comparison with C-ZMN. In binary dyes mixture, the
removal percentage of BB41 increases in comparison to its
pure state, the removal percentage of BY28 decreases in com-
parison to its pure state. BB41 has more afﬁnity to the pore of
adsorbent and that is due to, perhaps, the interaction force
between cationic dyes BB41 and surface of adsorbent. Adsorp-
tion of both dyes follows the pseudo second order in single and
binary systems. Langmuir gives the best ﬁt of the experimental
data in single component system and extended Langmuir did
not accurately predict the adsorption equilibrium of dyes in
a binary mixture. For both dyes, the most signiﬁcant parame-
ters were found to be TA, pH and TA.pH.References
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